Data mining involves extracting information from large data sets, discovering the hidden relationships and unknown dependencies, and supporting strategic decision-making tasks. The alignment of data mining and business would bring benefits to the organization's management. The study investigated the adoption of data mining technologies in managerial accounting system, concentrating on the challenges and opportunities. The research showed that with the technology adoption, managerial functions could be improved and current information system could be upgraded. Since the technical progresses are reshaping the world of business and accountancy, it is significant for accountants and finance professionals to exploit information technologies.
Introduction


With the rapid development of Information Technology (IT) and the popularization of Internet applications, the technology innovations, such as big data and cloud computing, have exported from IT industry to others gradually. The big data of high volume which cannot be collected traditionally are getting into use. These data can be cut, managed, processed, and organized in order to assist business decisions and other purposes. In this process, data mining is the core technology, which can capture and extract more valuable information from markets, therefore it provides an effective backup for decision-makers and strengthens business competitive advantage. As the technologies are evolving in an incredibly high speed, organizations, business, and people should be aware of such technological developments and explore business intelligence, management models, and talents with the aid of IT.
In 2013, the Association of Chartered Certified Accountants' (ACCA's) Accountancy Futures Academy and Institute of Management Accountants (IMA) published a report named "Digital Darwinism: Thriving in the Face of Technology Change". According to this report, the global accountancy profession will be reshaped by 10 technology trends: mobile, big data, artificial intelligence and robotics, cyber security, educational, cloud, payment systems, virtual and augmented reality, digital service delivery, and social. In order to adapt to the new digital environment, accounting professionals need to develop new skills and competencies. Table 1 listed the skills needed for next decade, based on ACCA and IMA members' survey.
Therefore, it is significant for professionals to study the integration of technologies and business world. This paper focuses on data mining, one of these technologies, and investigates how to integrate it into management accounting system, especially the changes in managerial functions and information system. The research not only shows one of the applications of data mining technology, but also promotes the digitalization of managerial accounting. 
Literature Review
The demand for management information and accounting information promotes the application of IT in business world. The technology innovations in IT sector, such as cloud computing and big data, have become a main driving factor for the development of Management Information Systems (MIS) and Accounting Information Systems (AIS). Data mining, part of the Knowledge Discovery in Database (KDD) process, involves extracting information from large data sets, discovering the hidden relationships and unknown dependencies, and supporting strategic decision-making tasks (Fayyad, Piatetsky-Shapiro, & Smyth, 1996) . This part is based on the literatures of data mining, management accounting, and their integrations.
Data Mining
Data mining refers to the computational step of inferring theories or patterns from large sets of data (Piatetsky-Shapiro & Frawley, 1991) . The primary goal of data mining is to extract information and knowledge from large quantities of data through automatic or semi-automatic analysis (Han, Kamber, & Pei, 2012) . This involves the exploitation of database techniques, computational science, and statistical theories.
Common data mining methods include cluster analysis, decision tree, genetic algorithms, association rule learning, regression analysis, sequence mining, online analytical processing (OLAP), etc. The main application domains of data mining are data warehouse, decision support system, web mining, predictive analytics, and business intelligence (Tan, Steinbach, & Kumar, 2011; Han et al., 2012) .
In big data era, cloud computing provides infrastructure and services for data storage, while the core data processing technology could be data mining (Chen, Mao, & Liu, 2014) . With the aid of big data technologies, large amounts of financial and non-financial data from business world can be collected and stored in data warehouse for further analysis. These data are massive in quantity and variety. They could be structured data, for example, business transactions, invoices, and cost figures; they could be unstructured data, for example, INTEGRATING DATA MINING INTO MANAGERIAL ACCOUNTING SYSTEM 35 pictures and videos of consumer behaviors. The task for data mining is to extract information from these data, reveal the hidden relationships and patterns, discover the unknown business strategic information, and support decision making process (Labrinidis & Jagadish, 2012; O'Brien & Marakas, 2011) .
Management Accounting and Managerial Functions
According to the IMA (2008), management accounting is defined as follows: "Management accounting is a profession that involves partnering in management decision making, devising planning and performance management systems, and providing expertise in financial reporting and control to assist management in the formulation and implementation of an organization's strategy". Therefore, compared to financial accounting, management accounting is more focusing on value-creation, decision making, planning and forecasting, and control and risk management. It involves the organization's value chain operations, such as logistics, marketing, pricing, auditing, and information management. Furthermore, according to International Federation of Accountants' (IFAC's) definition of enterprise financial management, managerial accounting is associated with higher value and more predictive information. As shown in Figure 1 , there are three main functions of managerial accounting, i.e., costing accounting, performance evaluation and analysis, and planning and decision support (Professional Accountants in Business Committee, 2009). 
Data Mining for Business and Accounting
Currently, there are many researches on integrating IT, especially big data and data mining, into business world (Varajão, Trigo, & Barroso, 2009; Lankhorst, 2013; Trigo et al., 2011) , for example, Medri (2013) analyzed lots of examples of using data mining technology to predict consumer behaviors and promote one-to-one marketing or target marketing. Besides, business process mining is an emerging research stream, which employs data mining to validate business process implementation (Jans, Alles, & Vasarhelyi, 2013) . Especially for accountancy and finance, Belfo and Trigo (2013) recognized some important challenges in this field and linked technological approaches with them to provide adequate answers to these challenges. They specified data mining as one important technological answer to four challenges, namely "combine historical and current cost accounting", "more non-financial performance data", "tailor-made and interactive reporting", and "internal auditing and internal controls and risk management".
In the area of managerial accounting, there are still a lot of studies about integrating data mining technology. Bode (1998) identified neural network architectures for research and development management application, especially cost estimation. He argued that when the ratio between the highest and the lowest cost is small, the neural networks based on the standard back-propagation learning algorithm perform reasonably well. Edwards (2000) pointed out that the alignment of data mining and cost management would be a trend in the future, aiming at the improvement of cost management intelligence. However, he did not present any practical application model. Bellomi, Cuel, and Biscaro (2005) developed a semantic based software system for monitoring and managing enterprise purchase processes, in order to reduce the purchasing costs. Wijnmalen (2007) analyzed benefits, opportunities, costs, and risks with analytic hierarchy process/analytic network process (AHP/ANP) synthesis, which can produce sound results when assessing the profitability of a project. Ziegler (2012) investigated mining and exploring customer feedbacks with the aid of language models and tree-maps. He proposed natural language processing models and clusters to extract refined information from massive amounts of unstructured data, in order to investigate the topic of interest.
Considering these literatures, there are several issues about the researches on data mining and managerial accounting. Firstly, most of studies are from the practical perspective and researchers tend to develop data mining methodologies to solve real business problem. Secondly, how to integrate data mining into current MIS is not given. Thirdly, technologies and skills are magnified; the art of management is omitted. Technologies are assistant tools for management and accountancy. Their integration into business world still needs to be discussed. This paper attempts to examine the alignment of data mining and management accounting from system and function perspectives, in order to make the most use of technologies.
Research Methodology
Research Problem
The problems that this paper attempts to investigate include:
(1) What are the changes of managerial accounting with the adoption of data mining? (2) Is the technology adoption favorable? (3) How to implement data mining into current AIS?
Research Design
Given the aim of understanding data mining adoption and managerial accounting functions in successful organizations, the research approach in this paper is exploratory and documentary-based. The sample consists INTEGRATING DATA MINING INTO MANAGERIAL ACCOUNTING SYSTEM 37 of most relevant papers and studies about data mining and technology adoption in accountancy and business administration. Therefore, this research is concerned not only with the integration of data mining into business decision-making process, but also with the creation of management accounting information and the change of managerial accounting functions. The following parts of this study are structured on: (1) the impact of data mining on management accounting from function perspective; (2) the assessment of technology adoption using "strength, weakness, opportunity, threats (SWOT)" analysis; and (3) possible expansions of current AIS.
Changes of Managerial Accounting Functions Cost Management
The core information that provided by management accountants is the cost figures. Cost management takes an important part not only in planning and budgeting, but also in business strategic decision making process (Lum, Baker, & Hihn, 2008) . Currently, the calculation of cost figures is mostly based on the internal business operations (Lanen, Anderson, & Maher, 2013) . In addition, data about suppliers, partners, or even competitors are needed to support business strategic management. These data sets may be rough, large volume, semi-structured, or unstructured, different from internal data sets. Therefore, data mining could be useful for analyzing these data sets. In big data era, it is likely that cost management would expand to the industry supply chain (Eklin, Arzi, & Shtub, 2009) .
Although the data mining algorithms and empirical models are various and a suitable cost calculation method needs to be selected, the data mining capability can be built up gradually in reality with rules setting and the application of different methods. The final proposed model could be repeatable, robust, and accurate. Besides, data mining needs to be supported with available and comprehensive business or manufacture process data for implementation (Sajadfar & Ma, 2015) .
Performance Evaluation and Risk Control
The applications of data mining in performance evaluation are diverse, for example, Ren, Yan, and Hong (2015) proposed that data mining is a powerful tool to identify behavioral patterns in building data sets and they took decision tree to link comfort demand and system performance with heating energy use. Xing, Guo, Petakovic, and Goggins (2015) presented how to use data mining approaches to evaluate and predict educational performance. Zhou, Lu, and Fujita (2015) investigated the performance of several financial distress prediction models with features selection guided by data mining techniques and domain knowledge.
In addition, considering the applications of data mining in risk control, banking industry and financial risks are mostly to be referred to. Koyuncugil and Ozgulbas (2012) presented an early warning model based on data mining for financial risk detection, which was helpful not only for enterprises to detect early signs but also for economists to monitor the countries financial risk. Koutanaei, Sajedi, and Khanbabaei (2015) offered the data mining approaches and the feature selection algorithms to improve the banks' performance in credit scoring problems, considering the credit risks of their customers.
Therefore, as the basic functions of management, performance evaluation and risk control play an importance part in business administration. In order to analyze and evaluate performance, it is important to determine the objectives and principles for evaluation. Because data mining aims to find hidden relationships and patterns, the objectives to evaluate performance could combine with a variety of goals, apart from sales rise INTEGRATING DATA MINING INTO MANAGERIAL ACCOUNTING SYSTEM 38 and cost reduction. Besides, the application of data mining in risk control is useful for organizations to detect unknown risk factors and improve their level of risk management.
Planning and Prediction
The integration of data mining on planning and prediction process is characterized in different industries. Williams and Gong (2014) suggested that some words and phrases are associated with the level of project cost increase. They combined text information and numerical data extracted from text mining to predict cost overruns based on data mining algorithms. Ortiz-Servin, Cadenas, Pelta, Castillo, and Montes-Tadeo (2015) showed that data mining methods can be used to predict fuel lattices operations. Shi, Liu, Shen, Yuan, and Huang (2015) proposed an effective approach to mine web data records, which can extract information from semi-structured web data objects. It is useful for meta search, comparative shopping, etc., therefore it can predict customers preference.
Planning, budgeting, and predicting are the basic managerial functions that can be found in almost every step of business processes. The accuracy of planning and prediction is based upon the analysis of information, for example, production plans are mostly based on historical sales data and the expected profits. In big data era, the models for analyzing expected sales could include additional factors, such as customer behaviors, cultures, and competitors of target markets. The information will contribute to a better prediction and therefore a thoughtful strategic decision.
In practice, different new informations about the organizations operation and the external markets can be arrived at any time. The adoption of data mining technologies would contribute to the analysis of the up-to-date information and improve the accuracy of forecast.
To sum up, the original approach to management accounting is mainly based on mathematical assumptions and structured problem-solving techniques (Lanen et al., 2013) . As the business world is full of uncertainties and risks, data mining would be contributable to the analysis of large and/or total sample with unstructured and/or semi-structured data, in order to identify hidden relations and tendencies; therefore, it would strengthen the functions of management accounting and improve the level of business management.
SWOT Analysis of Data Mining Adoption
SWOT analysis is a structured approach to evaluate the strengths, weaknesses, opportunities, and threats involved in a produce, project, person, business venture, or industry (Humphrey, 2005) . Based on the documentary researches that have done before, this part will attempt to specify the internal environment characteristics and external environment elements, considering the impact of data mining technologies on managerial accounting and business administration, in order to assist business and technology alignment. Table 2 presents the main factors in SWOT analysis of data mining technologies impact on managerial accounting system. Using data mining and big data technologies within organizations has a significant impact INTEGRATING DATA MINING INTO MANAGERIAL ACCOUNTING SYSTEM 39 on business strategy, business process, as well as business administration. In general, these technologies reshape the way in which enterprises make business.
Strengths
Strengths of adopting data mining technologies are as follows. It contributes to the collaboration of the value chain players. Information about the markets is extracted through big data approaches and algorithms, results in costs reduction and improves management capabilities.
Weaknesses
Weaknesses of integrating data mining technologies are mainly concentrated on the integration of organizations existing MIS and/or AIS. Historical data may be needed for format changing before getting into the data mining process. In addition, various information, such as fiscal and non-fiscal, numerical, and texts, has to be collected and stored for analysis.
Opportunities
Opportunities of adopting data mining technologies include the availability of new systems, such as business intelligence and executive decision support systems, and the chance for reengineering the business administration architecture and process. For big companies, it is preferable to build their own information center; for small companies, outsourcing service is another strategic option.
Threats
Threats of adopting data mining technologies are as follows. Concerning with the information gathering among value chain management, the data loss and privacy issues have to be taken into account. The back-up, data recovery, and confidentiality strategies and principles are needed before integrating new technology. In addition, the maintenance and security of IT systems are the main concerns as well.
Expansion of Current AIS
In order to extract, analyze, store, and present information, the AIS need to be complemented. There are a lot of new technologies which can be integrated into the current AIS, such as business intelligence and balanced scorecard systems (Grabski, Leech, & Schmidt, 2011) . The following will briefly discuss the possible expansions of AIS based on three sub-systems, i.e., data collection, data storage, and data processing.
Before data processing, it is important to obtain a rich supply of data sets, which are normally semi-structured or unstructured. For collecting the information of original invoices, one possible solution is the optical character recognition (OCR) technology, which can digitalize the images of handwritten or printed text into machine-encoded text (Lucas & Amiri, 1996) .
The large amount of data can be stored in Database Management Systems (DBMS) and data warehouses. Cloud service is another option; however, its security issues have to be taken into consideration (Ali, Khan, & Vasilakos, 2015) .
During data processing stage, data mining is the core technology. Methods previously discussed can be adopted, such as cluster analysis and OLAP. Statistical computing packages like R (language) can be useful as well (Schmidt, Ostrouchov, Chen, & Patel, 2012) . Some data mining tools and software providers include: enterprise miner from SAS, intelligent miner from IBM, setminer from SGI, clementine from SPSS, DB miner from DB Miner Technology Inc., PRW from Unica Technolgies Inc., Darwin from thinking machines, greenplum from EMC, etc.
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Conclusions
There are a few limitations and future research directions of this paper that need to be addressed before conclusion. First, this research is primarily based on documentary studies and SWOT analysis. From the methodology point of view, a more comprehensive and quantitative-based study is preferred for future study. Second, the technological influence on accounting professionals is not included. Third, the trend of convergence of financial accounting and management accounting can be identified, especially with the adoption of information technologies. The business process needs to be reengineered and the business architecture needs to be reshaped. Organizations become more flexible in doing business. These perspectives are considered to be research directions for future work.
Based on documentary studies and SWOT analysis, this paper identifies the challenges and opportunities when integrating data mining technologies into management accounting system. The findings are as follows:
(1) challenges: Information are gathering among value chain management. The back-up, data recovery, and privacy strategies and principles are necessary. In addition, the maintenance and security of IT systems are the main concerns as well.
(2) opportunities: Managerial accounting functions can be improved in three ways, i.e., cost management, performance evaluation and risk management, and planning and prediction. The enhanced managerial function would take a significant role in business decision-making process and therefore improve the level of business management capabilities. Besides, some possible complements of current AIS and MIS can be considered during the technological improvements.
Undoubtedly, business administration and management will benefit a lot from the new information technologies. These innovations include not only data mining, but also cloud computing and mobile technology. The alignment of IT and business will expand the research domain of Accounting and AIS, not only on possible changes of accountancy, but also on how the new technologies impact the role of accounting.
